Nocardia asteroides was isolated after prolonged culture from the pericardial fluid of a human immunodeficiency virus-infected patient. The lengthy duration required for culture growth and identification of this N. asteroides isolate affected both initial therapeutic decisions and patient management. A proposed algorithm for the microbiological workup of pericardial fluid for possible Nocardia spp. is described in an effort to improve the timeliness of results.
The patient was a 44-year-old Filipino male with a medical history significant for newly diagnosed human immunodeficiency virus (HIV) infection and AIDS. In March 2005, he was admitted to the hospital for persistent fever of unknown origin. He was found to have HIV on this admission, and the CD4 cell count was 42/mm 3 . The initial workup included sputum Gram stain, silver stain, and culture, which showed only normal flora. In addition, sputum acid-fast bacillus (AFB) stain and culture were negative for Mycobacterium spp. and routine urine and blood cultures were also negative. During this admission, he was noted to have a pericardial effusion, which prompted a pericardiocentesis. Direct Gram and AFB stains on the pericardial fluid were negative, and no significant growth was detected on routine bacterial cultures. After pericardiocentesis, a repeat echocardiogram showed no pericardial fluid and the patient was discharged in stable condition. However, the AFB culture of the pericardial fluid subsequently became positive at week 6. Both the AFB and modified AFB stains were positive, and the morphology at that time was interpreted as being consistent with Mycobacterium spp. The specimen was sent to a local reference laboratory for further workup. The patient was empirically treated with isoniazid, rifampin, pyrazinamide, and ethambutol for possible Mycobacterium tuberculosis, and he was discharged on this four-antimycobacterial-drug regimen, as well as trimethroprim-sulfamethoxazole (TMP-SMX) and azithromycin for empirical coverage of Pneumocystis jiroveci and Mycobacterium avium complex. Highly active antiretroviral therapy was not successfully initiated due to poor drug compliance.
The patient continued to have persistent fever, fatigue, and weakness. Two weeks later, he was readmitted to the hospital with a fever of 102.6°F and severe tachycardia (heart rate of 144 beats/min). His blood pressure on admission was 128/93. A chest X-ray showed a widened mediastinum, and the echocardiogram showed a moderate pericardial effusion which appeared loculated on a subsequent computed tomography (CT) scan (Fig. 1) . By this time, the additional workup performed by the local reference lab on the pericardial fluid taken during the first admission demonstrated a partially acid-fast-positive bacillus with infrequent branching. In addition, the culture of the same pericardial fluid showed tiny, dry, white colonies resembling Nocardia spp. on sheep blood agar. The specimen was then sent to a second reference lab for bacterial identification and susceptibility testing. The final identification at 9 weeks post-collection of the pericardial fluid isolate was Nocardia asteroides complex. Susceptibility testing was performed using broth microdilution. The isolate was imipenem resistant (16 g/ml), clarithromycin intermediate (4 g/ml), sulfamethoxazole sensitive (16 g/ml), and TMP-SMX sensitive (Ͻ0.25/4.8 g/ml). Sputum for AFB culture and smear collected 5 weeks after the pericardial fluid was also found to be positive for Nocardia asteroides complex. Based upon these results, antimycobacterial drugs were discontinued and intravenous TMP-SMX was initiated. The patient required surgical drainage of the pericardial effusion (approximately 800 l) as well as a pericardial window. The patient recovered slowly but uneventfully and was discharged on oral TMP-SMX therapy.
Microbiology. Nocardia spp. can be presumptively identified using a variety of methods including Gram stain, modified AFB stain, and culture morphology. Usually the Gram stain shows branching gram-positive bacilli, which along with a positive modified AFB stain supports a preliminary identification of Nocardia spp. If the organism is weakly acid fast and does not exhibit branching, other bacteria such as Rhodococcus, Gordonia, Tsukamurella, and Dietzia spp. should be considered (32) (Fig. 2) . In the present case, Mycobacterium sp. was suspected due to the robustness of the acid-fast staining and the initial absence of branching. Nocardia sp. was initially cultured using a BacT/ALERT (Organon Teknika Corp., bioMerieux, Durham, NC) mycobacterial identification system. Bacterial identification by the second reference laboratory included high-pressure liquid chromatography profiling and biochemical testing (i.e., decomposition of casein, tyrosine, and xanthine).
A report by Isner et al. (12) suggests that the Gram stain is the most sensitive method to visualize and recognize Nocardia spp. based upon the authors' high percentage (78%) of detec-tion in expectorated sputum from non-HIV patients using the Gram stain (23) . However, in reviewing the literature, we noted that 6 out of 15 cases (40%) of confirmed nocardial pericarditis in non-HIV patients did not exhibit a positive result when direct Gram staining of the pericardial fluid was performed. Several circumstances other than a negative Gram stain may contribute to a delay in the laboratory diagnosis of this infection. For instance, culture may require a prolonged period due to the presence of a low bacterial load. Nocardia spp. also exhibit a longer generation time than most bacteria, usually requiring 5 to 21 days for detection. Therefore, they can easily be missed on most routine culture workups if the cultures are discarded after 48 to 72 h of incubation. Some isolates may also show a negative partial acid-fast smear or lack of branching upon examination of the Gram stain, further complicating laboratory diagnosis. In addition, phenotypic (e.g., biochemical) identification of Nocardia spp. is complex and time-consuming. Molecular methods can shorten the identification turnaround time but are not used routinely in the average microbiology laboratory. Molecular detection methods may include restriction endonuclease analysis of amplified PCR products (e.g., hsp gene) or nucleic acid sequencing (e.g., 16S rRNA) (5, 16, 22, 23, 31) . However, neither phenotypic nor genotypic identification of Nocardia spp. is commonly offered outside of reference laboratories or large teaching medical centers. It is important for optimum patient management to at least presumptively identify Nocardia spp. in HIV-infected patients as soon as possible. A proposed diagnostic algorithm for the microbiology workup of pericardial fluid in HIV-infected patients is outlined in Fig. 2 in support of more efficient and expeditious bacterial identification.
Discussion. Nocardiosis is an uncommon human infection.
It occurs primarily in immunocompromised hosts, such as patients with autoimmune disease or malignancy and those infected with HIV. However, Nocardia sp. is considered an unusual opportunistic pathogen among HIV-infected patients, partly due to prophylaxis for Pneumocystis jiroveci pneumonia with TMP-SMX. However, if infection occurs, the most common site is the lung and pericarditis due to this organism is a very rare event. An extensive literature review demonstrated only five other reported cases of Nocardia asteroides pericarditis associated with HIV type 1 infection prior to this report (10, 17, 20, 21) .
Pericarditis in HIV-infected patients can manifest as either an infectious or a noninfectious etiology. In Western countries, pericardial effusions are often idiopathic in HIV patients (9) . In regions where M. tuberculosis is endemic, tuberculosis has been reported as the major cause of pericarditis in more than 80% of the cases in this population (4) . Other microorganisms that may infect the pericardium include other bacteria, viruses, and fungi. Cytomegalovirus is a frequent cause of opportunistic infection in patients with AIDS and has been reported to cause cardiac tamponade. There are also reports of pericarditis in AIDS patients caused by herpes simplex virus (4, 7, 8, 13, 29) . Bacterial pathogens causing pericarditis include Staphylococcus aureus (6, 26) , Streptococcus pneumoniae (14) , and Klebsiella pneumoniae (24) . Fungal pericarditis secondary to Cryptococcus neoformans has also been reported (2, 25) . Other cases in HIV-infected patients have been linked to Kaposi's sarcoma and non-Hodgkin's B-cell lymphoma (1, 11, 12, 18, 27, 28, 33) .
The differential diagnosis of acid-fast organisms causing pericarditis in HIV patients includes Mycobacterium tuberculosis and a variety of other nontuberculosis bacteria, including Mycobacterium avium, Mycobacterium intracellulare, Mycobacterium kansasii, and the partially acid-fast Nocardia spp. (27) . A prompt and accurate diagnostic workup of the infecting pathogen is important as optimal therapy differs among these potential pathogens.
In reference to the five other cases of nocardial pericarditis in HIV-infected patients that have been reported, the characteristics of these cases are hereby described. This comparison shows a male predominance (five/six cases) and CD4 ϩ cell counts of less than 250 cells/mm 3 (48, 66, 91, 239, and 42/mm 3 ). None of the patients were on highly active antiretroviral therapy when they developed nocardial pericarditis. Three of the patients had a history of intravenous drug use. One of the patients had a concomitant tuberculosis infection. Two of the five male cases admitted to having sex with men. There were no underlying diseases or other risks reported, such as diabetes mellitus, autoimmune diseases, cancer, or steroid use. All of the patients were treated with TMP-SMX. Four of six patients received follow-up treatment of pericardiectomy and drainage. One patient received repeated pericardial aspirations with a three-lumen central line. All patients survived with therapy and were discharged with outpatient follow-up. Only one of the six patients had died by 3 months after hospital discharge, and death was not directly related to the nocardial pericarditis.
Pericardial disease may be clinically silent or may present with chest discomfort, dyspnea, or fever. Physical examination may reveal tachycardia, tachypnea, or friction rub. Cardiac tamponade usually presents with hypotension, pulsus paradoxus, and tachypnea. An electrocardiogram may demonstrate ST-T wave elevation indicative of pericarditis. As pericardial CT and magnetic resonance imaging are indicated when loculated, hemorrhagic effusions are clinically suspected (3, 8, 12) . TMP-SMX is considered the standard of therapy for nocardiosis, and high-dose TMP-SMX should be started in immunocompromised patients. Based on previous reports, successful therapy of nocardial pericarditis usually consists of antimicrobial drugs in combination with appropriate surgical drainage (15, 18) . Our case indicates that treatment of both mycobacterial and nocardial infection should be started when the AFB smear is positive and it should be continued until the culture identification is known. Low-dose maintenance therapy should be continued for life in HIV patients with Nocardia pericarditis (19, 30) .
Although uncommon, nocardial pericarditis can be seen in AIDS patients, especially those with CD4 ϩ cell counts of less than 100 cells/mm 3 (i.e., the median is 66 with a range of 42 to 239 cells/mm 3 for reported cases). The Gram stain is the most rapid means of diagnosis but may suffer from low sensitivity, potentially resulting in missed or delayed diagnoses. High-dose TMP-SMX should be started if clinical suspicion for Nocardia spp. is high, and attempts should be made to expeditiously support the laboratory identification of Nocardia spp. This case reinforces the consideration of Nocardia spp. as etiological agents of pericarditis in HIV-infected patients even in the absence of a positive AFB stain or branching organism morphology.
The sixth case of Nocardia asteroides in a newly diagnosed HIV patient suffering from pericarditis is reported in this paper. Treatment for this patient was delayed due to a preliminary report of a slow-growing, possibly atypical AFB microorganism. This case was also complicated by purulent pericarditis that required extensive surgical drainage. Because of its high incidence of morbidity and mortality, we propose a diagnostic workup for Nocardia spp. to include 16S rRNA sequencing for critical cases. Also empirical treatment for nocardial pericarditis should be considered until the final identification of the acid-fast organism is confirmed.
